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Microcrystals of several perovskite titanates (ATiO3, A:Pb, 
Mn, Ni, Co, Mg) have been synthesized by the corrosion product 
method. The products were characterized by XRD, SEM, and Micro-
Raman scattering. The average size of the microcrystals is 
estimated to about 2µm by the scanning electron microscope. 
Micro-Raman scattering spectra show the typical line shapes 
corresponding to the crystal structures of ATiO3. In the trigonal 
MgTiO3, the intensities of the several Raman modes take the 
maximum value at 50°C as temperature increase from room 
temperature. It is indicated that the peaks are caused by the 
impurities rather than the structural change.  
Keywords: corrosion product, perovskite oxide, Raman 
scattering, microcrystal 
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1. INTRODUCTION  
Perovskite titanates (ATiO3) have been extensively studied 
for many technical applications. Since perovskite ceramics are 
fabricated from perovskite powders, the nano-crystalline powders 
are synthesized by a lot of methods such as a conventional solid 
state reaction method [1], wet chemical processes [2], 
hydroxides [3], sol-gel process [4], and so on. New method using 
a corrosion product has been proposed to synthesize aluminum-
oxide powders [5,6]. It is possible to synthesize at low 
temperature and to obtain the powder samples with the homogeneous 
composition. Furthermore, the particle size of powders takes the 
homogeneous distribution [5,6]. In order to get the powders which 
have the homogeneous composition and size, we have applied the 
corrosion product method to synthesize the perovskite oxides.  
In the present study, the A-site atoms of ABO3 were 
substituted by Pb, Mn, Ni, Co and Mg. In this measurement, PbTiO3 
was selected as a standard sample. Except for PbTiO3, above 
titanates belong to the trigonal ilmenite structure at room 
temperature. MnTiO3 undergoes a phase transition from the 
ilmenite structure to the lithium niobate structure at high 
pressure 20-30kbar [7]. NiTiO3 is an n-type semiconducting 
material [8]. CoTiO3 has been used in a wide variety of 
applications such as gas sensors [9] and catalysts [10]. MgTiO3 
has been employed as ceramic capacitors [11] and resonators [12].  
Raman scattering spectra of the powder samples of perovskite 
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titanates (PbTiO3, NiTiO3, CoTiO3, MnTiO3, MgTiO3) have been 
observed by many researchers [13-18].  Their main targets are 
temperature dependence, particle-size dependence, concentration 
dependence of compound, and so on. In the micro-Raman scattering 
method [19], the incident laser beam is easily focused to the 
micron size. This fact means that we can get the information in 
the localized area. For this reason, we have used the micro-
Raman scattering method to evaluate the powder samples. When the 
particle sizes of powders are the same size of the focused laser 
beam, the spectrum of one micro-crystal are detectable. 
Therefore, micro-Raman scattering is one of the powerful 
techniques to study the power samples.  
 
2. EXPERIMENTAL PROCEDURE 
The powders of perovskite titanates were synthesized by the 
corrosion product method. Metal powders (Pb, Mn, Ni, Co, Mg) 
were dissolved in NHO3 solution. Ti powder is also dissolved in 
the mixed solution of H2O2 and NH3. After two solutions were 
mixed, aqueous ammonia is added to the solution. To obtain the 
solid samples, the solution was dried and the solid state 
substance was baked at 1000~1200°C. 
In order to analyze the crystal phases, X-ray diffraction 
(XRD) was carried out. The observed peaks were in good agreement 
with those of the previous reports. For example, Fig.1 shows the 
XRD pattern of the NiTiO3 powder. All diffraction lines are well 
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defined. As shown in Fig.1, the presence of the extraneous 
substances is very few. The particle size distribution and 
particle morphology observation were obtained by an automatic 
particle measurement apparatus and scanning electron microscope 
(SEM). Figure 2 shows the SEM image of the NiTiO3 powder. The 
form of particles seems a spherical shape. The average particle 
size is estimated to about 2µm. These measurements confirms us 
that powder samples have the homogeneous composition and size.  
Raman scattering spectra were observed by using a micro-
probed Raman system with a back scattering configuration [19]. 
The laser beam exited at 532 nm was focused to 2µm in spot size 
on a sample surface. The scattered light was analyzed by a triple 
grating monochromator with a charge coupled detector. The 
temperature of the sample was controlled within 0.1 K. 
  
3. RESULTS AND DISCUSSION 
3.1 Micro-Raman scattering spectra of tetragonal sample 
 Figure 3 shows the micro-Raman scattering spectra of PbTiO3 
microcrystals. The spectra were observed in the polarized 
condition VV and depolarized condition HV. Two spectra show the 
almost same line shape as shown in Fig.3. The line shape of 
PbTiO3 powder agrees with that of previous report [13]. This fact 
indicates that the synthesized powder belongs to the tetragonal 
structure and the synthesized method is good enough to prepare 
the titanate powder sample.  
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3.2 Micro-Raman scattering spectra of trigonal samples 
 Micro-Raman scattering spectra of the trigonal perovskite 
titanates (NiTiO3, CoTiO3, MnTiO3, MgTiO3), which form the 
trigonal ilmenite structure, are shown in Fig.4 at room 
temperature. All spectra are in good agreement to the previous 
reports [15-18]. Especially, the micro-Raman spectra of NiTiO3, 
CoTiO3 and MnTiO3 are almost same line shapes since Ni, Co and 
Mn atoms have the almost same atomic mass. Thus, it is confirms 
us that the crystal structure and the force between the atoms 
are also same. In the case of MgTiO3, the observed peaks shift 
to the high frequency side compared with those of NiTiO3, CoTiO3 
and MnTiO3. The atomic mass of Mg is 24.3 and that of Mn is 54.9. 
In general, the lattice mode including light atoms oscillates 
fast so that the peak shifts to high frequency side. The spectra 
in Fig.4 are well explained by the mass difference of the A-site 
atoms.  
 
3.3 Temperature dependence of Raman scattering spectra 
 In the previous section, MgTiO3 sample is pure enough 
according to the X-ray diffraction and micro-Raman scattering. 
On the other hand, another MgTiO3 samples include the extraneous 
substances are also obtained under the present synthesize 
condition. To study the behavior of the extraneous substances in 
the microcrystal, the temperature dependence of the micro-Raman 
scattering has been carried out from room temperature to 200°C.  
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 Figure 5 shows the temperature dependence of the micro-
Raman scattering spectra of the MgTiO3 sample. Compared with the 
spectrum in Fig.4, the new peaks appear as shown in Fig.5 
indicated by arrows. The intensities of these peaks show the 
unusual temperature dependence, though the peak positions do not 
change in this temperature range. In the case of the cooling 
process as shown Fig.6, the intensities of the arrowed peaks 
return to the original intensities at 30°C. Figure 7 shows the 
temperature dependence of the intensity of the peak at 430 cm-1. 
As the temperature increases, the intensity takes a maximum value 
at about 50°C and decreases rapidly. Between the room temperature 
and 200°C, the peaks expect for the arrowed peaks do not show 
the remarkable change. Thus, it is difficult to consider the 
phase change. Since the peak positions of the arrowed peaks do 
not change, the force constant and atomic mass rerated to these 
modes remain unchanged. After the thermal process the 
intensities return to the original intensities. For these 
reasons, the extraneous substances do not move during the thermal 
process. It is pointed out the possibility that the electronic 
resonance effect at the impurity site may cause the enhancement 
of the intensity of the additional mode. Thus, the electronic 
state of the impurity site is effected by the local strain which 
is induced by the thermal process.  To clear this point, it is 
necessary to carry out the further study.  
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Figure Captions 
 
FIGURE 1    XRD pattern of NiTiO3 powder.  
 
FIGURE 2    SEM image of NiTiO3 powder. 
 
FIGURE 3    Micro-Raman scattering spectra of PbTiO3 
microcrystals of the tetragonal perovskite structure. The 
spectra were observed in the polarized condition VV and 
depolarized condition HV. 
 
FIGURE 4    Micro-Raman scattering spectra of NiTiO3, CoTiO3, 
MnTiO3 and MgTiO3 microcrystals of the trigonal ilmenite 
structure at room temperature.  
 
FIGURE 5    Temperature dependence of Micro-Raman scattering 
spectrum of MgTiO3 microcrystal in the heating process. The 
peaks indicated by arrows are caused by the impurities. 
 
FIGURE 6    Temperature dependence of Micro-Raman scattering 
spectrum of MgTiO3 microcrystal in the cooling process. The 
peaks indicated by arrows are caused by the impurities. 
 
FIGURE 7    Temperature dependence of the intensity of the peak 
at 430 cm-1. The closed circles were obtained in the increasing 
temperature process and the open circles were obtained in the 
decreasing temperature process. 
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